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Abstract 
In our proposed model a hybrid method of tone mapping is presented. In this technique, an image of High Dynamic Range (HDR) is employed as 
input and split up into two layers i.e. base and detail layer. The details of HDR image will be preserved because only the base layer’s contrast is 
brought down. A bilateral filter is used to obtain the base layer. Along the base layer the logarithmic compression is used and a bias power 
function is employed so that the logarithmic base can be varied adaptively and the contrast remains preserved. This tone mapping technique 
produces a high quality tone mapped image as specified in given experimental results.   
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1. Introduction 
Whenever a high light contrast scene is captured by using the conventional camera, either area which is dark or area 
which is bright tends to be saturated in the captured image due to the limitation of dynamic range. To overcome this 
problem HDR imaging has been introduced. A scene’s dynamic range can be described as the range between the 
lowest light intensity and highest light intensity. It is also known as scene contrast. The dynamic range that can be 
perceived by the Human Vision System (HVS) is too large. The complete range of intensity of light perceived by 
HVS is from the light of the star as lowest and light of sun as highest. The availability of the HDR images increases 
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because of better techniques. The traditional display devices cannot display the HDR images because the traditional 
display devices have the dynamic range, which is very low in comparison to the dynamic range of HDR images. 
Therefore, there is a need of conversion of the HDR image in a suitable form so that it can be displayed on the 
conventional display device. For this purpose tone mapping is used, which converts an HDR image to an LDR 
image. A tone reduction operator reduces the dynamic range. It also attempts to preserve the appearance of the 
original image. The operators of tone mapping are distributed into two categories, i.e. Global and Local tone 
mapping operators1. In global tone mapping operator every pixel is mapped on the basis of its intensity and global 
characteristics, without considering its spatial location. The global tone mapping operators are not suitable when the 
dynamic range is high because it will result in loss of details. The local tone mapping operator considers the pixel 
location so it preserves the details of the image and are more suitable for HDR scenes. It produces more realistic 
images. 
1.1.  Overview 
In this paper a new tone reduction operator is presented which reduces the contrast of the image and also the details 
are preserved.  For this purpose an edge preserving filter, i.e. bilateral filter is used to obtain the base layer from the 
image. The detail layer is obtained by the division of the input image and the base layer. After that a logarithmic 
function is imposed on the base layer. Then a bias power function is also used.  In the last stage the tone mapping 
operator ensures that the details of the image are preserved. The main purpose of the technique is to improve the 
quality of the output image. In this proposed approach the main focus is on 2 parameters, i.e., bias power function b 
and Ldis_max. For the adjustment of compression of high values and also to adjust the visual dark areas, bias power 
function b is used. The term Ldis_max is the maximum luminance capacity of the display device. 
2. Previous work 
There are different tone mapping techniques that have been suggested in the past, so that the HDR images can be 
displayed on the LDR devices. 
J. Tumblin et al.2 proposed a tone mapping algorithm which works on a mathematical model of human vision. It is 
considered as a reference in computer graphics for tone mapping. The purpose of this technique is that brightness in 
the tone mapped image is preserved. It is not suitable for very dark scenes. 
F. Durand et al.3 presented a local method of tone mapping to display the HDR images. This technique reduces the 
contrast, but also preserves the details in the output image. The algorithm divides the high dynamic range image into 
two layers, i.e. base and detail layer. To obtain the base layer a filter is used, i.e. bilateral filter10. This filter is an 
edge preserving non linear filter. This technique only reduces the base layer’s contrast. By the use of a scale factor, 
the base layer’s dynamic range is compressed. This scale factor is used in the log domain. The contrast is reduced on 
the intensity of the pixel by calculating the log values. 
F. Drago et al.4 presented a tone mapping technique. It is on the basis of logarithmic compression of luminance 
values. In this method a bias power function is used so that the logarithmic bases can be varied adaptively. Hence 
the details and contrast are preserved. The improvement in contrast, is done in dark areas by making changes in the 
gamma correction. In this method first the logarithmic average is computed by using the pixel luminance values. 
Then the bias power function11 is imposed for the adjustment of the compression of high values. Also, it is used to 
adjust the details in visually dark areas. A scale factor is used so that the output can adapt its intended display 
device. Finally the gamma correction is imposed so that the output data can be displayed on devices with non-
linearity.  
M. Ashikhmin5 presented a tone mapping operator for the reduction of dynamic range of HDR images. This 
methodology works on the HVS, but it does not construct its sophisticated model. This is a three step technique. In 
the first step, it estimates the local adaption luminance at every pixel of image. Then it imposes a simple function to 
these values in order for the compression of the dynamic range. In the final step, it re-introduces the details over the 
image, so that the details can be preserved. In this algorithm first the luminance channel is separated and a Gaussian 
pyramid is constructed. Then the local adaption luminance is computed. After this the tone mapping function is 
applied and final pixel luminance is calculated. The color image is reassembled and the gamma correction is applied 
to get the pixel values that can be displayed. 
R. Fattal et al.6 proposed a dynamic range reduction technique in which they use the gradient field of image 
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luminance. For this they reduce the magnitude of large gradients. To obtain the tone mapped image a Poisson 
equation is applied over the gradient field which is modified earlier. In this technique they first identify the large 
gradients and then reduce their magnitude and also preserve the details. They use the logarithmic of the luminance 
and then apply the Poisson equation so that a tone mapped image is produced. 
J. Duan et. al.7 proposed histogram adjustment methods to reduce the dynamic range of HDR image. In this 
technique, first a global tone mapping operator which is based on histogram adjustment, is presented for 
reproduction of global contrast for HDR images. After that the images are segmented and contrast adjustment is 
carried out adaptively using global tone mapping operator on the local regions so the local contrast can be 
reproduced and good quality can be ensured. 
B. GU et al.8 presented a technique in which a new filter is used for the decomposition of an image, which is also 
edge-preserving. The image which is filtered contains all means everything and the salient edges which are local, are 
also preserved. In this tone reduction technique, the image is decomposed into multiple layers using the proposed 
filter, i.e. base layer and three detail layers. The filter is used for multi-scale decomposition assumes three things: (a) 
the preservation of local areas are ensured by base layer, (b) the detail layer contains all the gradient information 
which is not zero and (c) all the edges, in the local window, are large gradients relatively.  For the compression of 
the detail layers, a function is used. The images which are reproduced are of good quality and have better 
visualization.     
K. Kim et al.9  presented a tone reduction algorithm in which, a decision method which is based on a new k factor 
and highlight factor of compression are used for the enhancement of the naturalness and the quality of appearance of 
the HDR images which are rendered. For the preservation of local contrast, the retinex method is considered as the 
better local operator, but the method does not give good appearance of the image and contrast is also not good in 
dark areas in some cases. In this method, the decision method which is based on the k factor is proposed because in 
retinex algorithm, it is considered as one of its parameters. This enhances quality and in the dark areas the details are 
more distinguishable by the use of highlight operator for compression.  
3. Proposed work 
In most of the local tone mapping methods, the image is divided into different layers and contrast of each layer is 
reduced to get the tone mapped image. In this method the HDR image is decomposed by a bilateral filter into 2 
different layers. It only reduces the contrast of the base layer. The detail layer is remained untouched. In the final 
output image the contrast reduced base and detail layer are recomposed.  
This method is based on the following steps. 
3.1. Separation of luminance channel 
In this method first luminance channel is separated from the HDR image for retaining the color information. The 
luminance channel is obtained by using the equation (1). 
                              G.B.R.L  072207152021260                                                                      (1)         
where L the luminance channel and R, G, B are color channels of the image pixels. 
3.2. Decomposition of the image 
In this step, the luminance channel is split into two layers, i.e. base and detail layer. To decompose the image an 
edge preserving non-linear filter is used. This is known as a bilateral filter. Tomasi and Manduchi10 introduced a 
filter which is an alternative to anisotropic diffusion. The bilateral filter is a non-linear filter. It produces the output 
in the terms of input’s average weight.  They use Gaussian filtering. Also, they use spatial kernel f.  For decreasing 
the pixels weight that has large intensity difference, function g is also used which is an edge stopping function. For 
any pixel x the output of the bilateral filter is defined by equation (2)10. 
                         



p p
IxIpIgxpfxkx
j )()(
)(
1
              (2)       
where k(x) is normalization term in equation (3)7 
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Here jx is the filtered image. The input image is defined by I. The coordinates of the current pixel are defined by p, 
which is to be filtered. In the spatial and intensity domain Gaussian for f and g are used respectively. By using this 
bilateral filter, the base layer is extracted from the image. The detail layer is obtained by the division of the input 
image and base layer. After the decomposition only the base layer is used for contrast reduction. 
3.3. Computation of logarithmic mean and adjustment of contrast 
To determine the brightness of the tone reduced image, the scene’s lighting characteristics are used. Therefore, it is 
important to discover a scale factor by the image luminance for output image brightness.  In this step, first calculate 
the logarithmic mean of luminance of the base layer. It is dependent on the luminance of the pixels. After that the 
centre-weighted scaling factor is calculated.  
In this function, adaptive modification of logarithmic base which is dependent on each pixel’s radiance for 
adjustment of contrast is done. For this purpose, a “bias” power function is applied, which was presented by Perlin 
and Hoffert11.  The bias power function is necessary to adjust the compression of high values and also for the 
preservation of details in dark area.  The bias power function is defined as an equation (4)11: 
    )5.0log(
)log(
)(
b
ttbbias                 (4) 
where biasb is the power curve, which is defined over the unit interval. The value of b can be varied. 
3.4 .The Tone mapping function 
The tone mapping function in our method is used so that for each pixel, the output displaying value Ldis by equation 
(5) can be computed. 
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where  
c2 = (Ldis_max /100) / log10(1+ Lmax_wa ) 
                                              c1 = log(b) / log(0.5)  
Ldis_max is a scale factor which is used to adapt the output tone mapped image to its intended display. In our method 
Ldis_max = 100 cd/m2 is used, because it is the reference value for CRT displays. Lmax_wa is the ratio of the maximum 
luminance of the scene Lmax and Lwa which is the world adaption luminance. The value of the bias power function b 
can vary from 0.70 to 0.95 for good quality images. In our method the value of b is 0.90. 
3.5. Recompose the contrast reduced base layer and detail layer 
In the final step the contrast reduced base and detail layer are recomposed. The high quality tone reduced image is 
acquired by reconstructing the RGB image by using the luminance channel.  
4. Implementation and results 
This tone mapping technique is applied to different high dynamic range images and results are compared with 
different tone mapping operators (TMO) based on different comparison metrics. The different comparison metrics 
are Mean Peak signal-to-noise ratio (MPSNR), Mean square error (MSE), Signal-to-noise ratio (SNR), Mean 
absolute error (MAE). The comparison of our method and the method defined by Durand [2] and Drago [3] are 
shown in the Table 1.  
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The results for Memorial.hdr displayed in Fig. 1. 
 
Fig. 1 (a) HDR image; (b) Tone Mapped image using Durand TMO; (c) Tone Mapped image using Drago TMO; (d) Tone Mapped image using 
proposed method 
 
In the results it is clearly visible that the tone mapped image of Memorial.hdr, after the proposed method is of high 
quality as compared to the other two tone mapping techniques. Also the comparison metrics are also improved. The 
proposed methodology is preserving the details of the image and also the contrast is better as compared to other two 
techniques.   
 
The results for nave.hdr are displayed in Fig. 2. 
 
 
 
Fig. 2 (a) HDR image; (b) Tone Mapped image using Durand TMO; (c) Tone Mapped image using Drago TMO;  (d) Tone Mapped image using 
proposed method 
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The output of Fig. 2 also shows that the proposed tone mapping operator is superior to the other two tone mapping 
operators. The proposed methodology is also imposed on different HDR images and results of comparison matrices 
are shown in Table 1.    
 
Table 1: Results of our method and the method of Durand and Drago TMO. 
S. No. Image Name Matrices Durand TMO Drago TMO Proposed TMO 
1 Memorial.hdr 
MPSNR 9.991 11.642 12.361 
MSE 10.1273 10.0333 10.0216 
SNR 0.1419 0.1824 0.409 
MAE 0.3866 0.3421 0.3337 
2 Bathroom.hdr 
MPSNR 12.748 13.223 13.619 
MSE 7.1235 7.1187 7.1175 
SNR 0.0088 0.0123 0.0124 
MAE 11.3036 11.2889 11.3002 
3 GroveC.hdr 
MPSNR 13.581 14.974 15.811 
MSE 303.018 303.0587 302.0291 
SNR 0.0582 0.0446 0.0593 
MAE 2.7159 2.7273 2.6232 
4 GroveD.hdr 
MPSNR 13.278 13.419 13.913 
MSE 24.9831 25.0867 24.7301 
SNR 0.409 0.3818 0.429 
MAE 1.6236 1.6278 1.6109 
5 Nave.hdr 
MPSNR 11.2315 11.1716 11.9241 
MSE 660.236 660.046 660.188 
SNR 0.0182 0.0196 0.0187 
MAE 1.4186 1.4295 1.4077 
5. Conclusion 
This paper proposed a tone reduction algorithm which reduces the dynamic range and also preserves the details. We 
used the bilateral filter and then luminance values of base layer are compressed by using the logarithmic mean and a 
bias power function. The quality of the tone mapped images is also good as compared to other tone mapping 
algorithms. In future, for obtaining the base layer a more precise function can be implemented and also we intend to 
do experiments so that the bias value can be determined automatically as a function. It should be according to the 
scene and also depends on its dynamic range of luminance. 
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